Abstract. Idea Management Systems (IMS) manage the innovation lifecycle from the moment of invention until ideas are implemented in the market. During the lifecycle the IMS supports collaboration, allows idea enrichment with comments, contextual data, or connected to other relevant ideas. Semantic technologies can improve the knowledge management capabilities of IMSs allowing relevant information to be easily linked to ideas.
Introduction
Sustainability is the responsible management of resources encompassing the triple bottom line of environmental, economic, and social dimensions. Many organisations are starting to make serious commitments towards incorporating sustainability into their own organizational logics [1] to maximise profits in an environmentally and socially responsible manner. Sustainability is not only about Corporate Social Responsibility, Sustainability is an important business issue, affecting new products and services, compliance, cost reduction opportunities, the organization's reputation, and revenue generation often derived from technological innovation [2] . Porter recognises the role sustainability can play as part of an organization's Competitive Strategy with the concept of "innovation offsets" -where companies can "not only lower the net costs of meeting environmental regulations, but can lead to absolute advantages" over competitors [2] .
Sustainability requires information on the use, flows and destinies of energy, water, and materials including waste, along with monetary information on environmentrelated costs, earnings, and savings. This type of information is critical if we are to understand the causal relationships between the various actions that can be taken, and their impact on sustainable performance.
Innovation is key to articulate knowledge management by means of effective processes and methodologies. The phase of the innovation process where idea management is developed is one of the most critical stages [4] . IMSs support this stage providing the necessary tools to collect, enrich, store, present and select ideas. IMS manage ideas through their life-cycle from the time of creation until they are selected for implementation. During this life-cycle it is crucial to gather as much relevant information as possible in order to collect quality-relevant ideas. Users can enrich ideas with opinions, other ideas and additional content. This task can be cumbersome and its automation is fundamental.
This paper aims to define how sustainability in enterprises can benefit from IMS. The hypothesis is that more precise relations among ideas and richer content can be automatically achieved if Semantic Web and Linked Data technologies are employed in IMS, linking sustainability ideas with data from different data sources.
Managing innovation for sustainability needs to address some major challenges; the emergence of radical new technologies and markets, constant shift in the regulatory conditions, the involvement or participation of many agents, the large volume of ideas for screening and evaluation, and in particular the need to acquire, assimilate and exploit new knowledge [5] .
An increasing number of organizations worldwide have adopted innovation contests not only for innovation purposes, but also for other reasons such as promoting sustainability [6] . A proof to this can be seen in the annual reports and sites of several energy providers and enterprises. In some of these experiences IMS have proven beneficial. IMS provide the workflow tools necessary to launch and manage innovation contest or waves, a common platform where different agents can collaborate, a repository where ideas are gathered and tools for editing, commenting or voting upon ideas. IMSs also encourage collaboration among people and enterprises.
One of the biggest problems in IMS is the difficulty of enriching these ideas. It is a manual and time consuming task that includes the searching and gathering of additional knowledge in different sources. Most of the time ideas are not linked with other data the enterprises may have in their systems or data available outside the company [7] . This causes disinformation and generates duplicates or poor quality ideas. A system that links generated ideas to stored data automatically may be an improvement. Semantic Web and Linked Data technologies propose a set of good practices to publish and link structured data in the Web. Many datasets and repositories are already available adopting this philosophy enabling machines in the "understanding" of the data they store. IMS are software platforms or applications that provide repositories and tools to gather, search for, edit, comment, and vote upon ideas. They accommodate different idea contests or campaigns and stakeholders; idea operators, experts, decision makers and administrators. Dependencies between ideas from different campaigns must be addressed. A standard IMS architecture is shown in Fig. 1 . IMS must provide workflows to manage the interactions between the different innovation process stages: Idea generation, analysis, enrichment, selection, development and implementation. 
Linked Data and Linked Open Data (LOD)
Emerging from research into the Semantic Web, Linked Data proposes an approach for information interoperability based on creation of a global information space. Linked data leverages the existing open protocols and standards of the World Wide Web architecture for sharing structured data on the web. Linked data technology uses web standards in conjunction with four basic principles for exposing, sharing and connecting data. These principles are:
1. Use URIs as names for things. 2. Use HTTP URIs so that people can look up those names. 3. When someone looks up a URI, provide useful information using the standards. 4. Including links to other URIs so that people can discover more things.
Linked Data is facilitating the publishing of large amounts of structured data on the web. The resulting Web of Data can be considered as a web scale data space supported by Semantic Web technologies. The Linked Open Data represents a large number of interlinked datasets that are being actively used by industry, government and scientific communities.
Sustainability IMS and Semantic Web/Linked Data
A common problem with IMS is idea assessment due to data overflow, noisy data, bursty nature of idea contests and difficult in rating innovation [8] . This translates into difficulties such as the detection of similar or duplicated ideas. Several studies propose the application of Semantic Web technologies on the innovation process and more specifically for IMSs to overcome these issues [9] [10]. The GI2MO ontology, for instance, is a project that tries to improve current Idea Management Systems by offering an ontology that models the innovation process. The ontology lays foundations for knowledge management based on interlinking of enterprise systems and web assets to increase information awareness and help in innovation assessment [11] . Although GI2MO ontology provides coverage for most of the properties included in IMS, it lacks of explicitly capturing the contextual knowledge for the idea.
To boost interoperability among heterogeneous systems, some IMS platforms present ideas in RDF format and work as SPARQL endpoints so third parties can place idea or innovation process related queries [12] . In the reference architecture Sustainability datasets will be interlinked to IMS as external knowledge to enhance IMS content.
Examples of Ontologies for Use Cases
This section describes 3 different sustainability use cases that can benefit from the linking of ideas with external information. The first use case aims to enrich ideas for energy reduction. The second one addresses products life cycle and how data can be linked. The last use case shows how similar ideas can be identified helping administrators management tasks. Energy Reduction: Imagine a user involved in an idea contest oriented to sustainability that proposes a new idea (graphically on Fig. 2 
.): "I would change the incandescent bulb in desk #333 for a LED bulb in order to save energy."
The system could identify the concepts "incandescent bulb in desktop #333" and "LED bulb" find on the data space (external to the IMS) information about the bulb in that desktop and led bulbs and show it in a widget or block next to the idea. If the system is able to identify the domain of the idea and annotate it semantically, the idea can be linked to data stored in a data space [13] (results on grey and blue widgets in figure 2 ) or searched on some data sources [14] . That way, the user would create an idea with automatically added information. If someone reads the idea will know if it is worth the effort of changing it or not. The reader could comment on the idea and discuss about it. 
Life-cycle Assessment:
This use case links IMSs with LCA data stored in a data space. Imagine a user concerned about the Greenhouse Gas emissions (GHG emissions) discovers that new laptops are going to be bought. He could write the following idea (graphically in Fig. 2 
.): "If we buy 13-Inch MacBook Air laptops instead of 13-Inch MacBook Pro, we can reduce the amount of GHG emissions in the manufacture of our devices."
If we can identify that the idea talks about 2 different laptops and their GHG emissions, we could link the idea with that data and show the amount of GHG emissions each laptop has and the savings of the idea.
In order to link the data we have to annotate it semantically, for example using The Resource Description Framework (RDF). In RDF, the statement "LCA Idea mentions MacBook Air" is expressed in triple format as:
Using this semantic annotations some links can be found between different data in the system. That data can be found in the IMS or in some internal and external data spaces. Below, on Fig. 3 , a graphical representation of those links can be seen.
Taking the LCA use case as an example, we can see the different links the data have (Fig. 3) . Using these links we can extract some data and see what is the actual impact of the idea. For example, we can see how much greenhouse gas each mentioned laptop emits to the atmosphere on their manufacturing process. 
Similar ideas recognition:
We can imagine an enterprise has an innovation process that generates a wave every year in order to collect new ideas. Sometimes ideas can be repeated in the same wave or in past waves. Having a system that identifies similar ideas can help innovation administrators in identifying those relations or knowing why an idea was rejected in the past.
For instance in a previous wave the idea of changing an incandescent bulb for a led one was rejected because the led bulb was too expensive. If someone generates a similar idea it can be linked to the previous one, and see the reasons for the previous rejection. If now the led bulbs are cheaper, that idea may be interesting.
In order to perform that task the identification of main concepts of the idea is needed. If the system can find similarities in those main concepts, the ideas should be linked. The idea with mentioned concepts can be compared with the other ones and similar ideas can be identified and presented to the users.
Potential Benefits
Firstly, IMS ideas would be enriched automatically with relevant-specific data provided by LOD/SW repositories. Sustainability impact will be included among that content. This could help users and administrators to see how important an idea could be. Secondly, the tools should help users in order to understand the context of the ideas. With additional data and related information users could understand some issues that the idea itself does not explain explicitly. And finally, the tools are expected to help administrator to perform their task faster and in an easier way. On one hand showing them the relations of the ideas can help them identifying in what are the users concerned and see if there are repeated ideas. On the other hand, measuring their possible impact could help them recognizing the most important ideas and select the best ones, helping even more if there is a big amount of data.
Summary and Future Challenges
The main innovation strives in the application of semantic web and LOD technologies to interlink Sustainability repositories with IMS in such a way that ideas are enriched with relevant content. SW technologies are also proposed in the detection of similar ideas. Some use cases have been defined describing the advantages semantic annotations and linked data might bring. Moreover, some possible benefits for users and system administrators have been outlined. Linking ideas with related data can be a powerful approach, but it can be a difficult task for the user. A future challenge can be identifying the data automatically in order to help users linking the idea. The system could make some recommendations based on what the user has written. Another challenge could be helping administrators developing some additional visual tools in order to visualize data or idea relations. These visual tools can be very helpful, especially with large amounts of data. Identifying the domain of the idea can be helpful too if additional information is wanted to be added. Knowing the domain of the idea can help recognizing specific data sources where more data can be found and linked. Finally, some case studies should be implemented in order to obtain results that validate the hypothesis of this paper.
